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~Ω = p~i+ q~j + r~k


































~ρ = x~i+ y~j + z~k
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cosψcosθ cosψsinθsinφ− sinψcosφ cosψsinθcosφ+ sinψsinφ
sinψcosθ sinψsinθsinφ+ cosψcosφ sinψsinθcosφ− cosψsinφ
−sinθ cosθsinφ cosθcosφ
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X = m (u˙+ wq − vr)
































~M (P ) = ~˙h (P ) + ~U (P )×m~U
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~M = ~˙hxyz + ~Ω× ~h
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~F =~iX +~jY + ~kZ
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+ ~Ω× ~U + ~˙Ω× ~ρG + ~Ω× (~Ω× ~ρG)
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X = m[u˙+ wq − vr − xG(q
2 + r2) + yG(pq − r˙) + zG(pr + q˙)]
Y = m[v˙ + ur − wp− yG(r
2 + p2) + zG(qr − p˙) + xG(qp+ r˙)]
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Z = m[w˙ + vp− uq − zG(p
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~M = ~MG + ρG × ~F
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~M = (h˙xyz + ~Ω× ~h)G + ρG × ~F
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Ixx = Ixx −m(yG
2 + zG
2); Ixy = Ixy +mxGyG






















K = Ixxp˙+ Ixy(q˙ − pr) + Ixz(r˙ + pq) + Iyz(q
2 − r2) + (Izz − Iyy)qr
+ m[yG(w˙ + vp− uq)− zG(v˙ + ur − wp)]
M = Iyyq˙ + Iyz(r˙ − qp) + Iyx(p˙+ qr) + Izx(r
2 − p2) + (Ixx − Izz)rp




N = Izz r˙ + Izx(p˙− rq) + Izy(q˙ + rp) + Ixy(p
2 − q2) + (Iyy − Ixx)pq
+ m[xG(v˙ + ur − wp)− yG(u˙+ wq − rv)]
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A32 = A34 = A36 = A52 = A54 = A56 = 0
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~F = ([M ] + [A])~a



































m 0 0 0 mzG −myG
0 m 0 −mzG 0 mxG
0 0 m myG −mxG 0
0 −mzG myG Ixx Ixy Ixz
mzG 0 −mxG Iyx Iyy Iyz
−myG mxG 0 Izx Izy Izz

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~a = ([M ] + [A])−1 ~F



























~u = ~a = [M + A]−1 ~F
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~˙ξ = [T ] ~u















ξ˙, η˙, ζ˙ , φ˙, θ˙, ψ˙
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ρ · ~v · ~ndS = 0
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ρ(~v − ~vb) · ~ndS = 0
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−ρ~uφ = −ρ(~u+ ~u′), (φ+ φ′) = ρ~uφ− ρ~u′φ′
   f- 
−ρ~u~u = −ρ(~u+ ~u′), (~u+ ~u′) = −ρ~u~u− ρ~u′~u′
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0 i 6= j
1 i = j
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+ ~˙Uxyz(P )︸ ︷︷ ︸
3
+ 2Ω× ~Uxyz(P )︸ ︷︷ ︸
4
+ Ω˙× ρ(P )︸ ︷︷ ︸
5
+ Ω× (Ω× ρ(P ))︸ ︷︷ ︸
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